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Provisional Patent Application 

OPTICAL SENSOR FOR MEASURING 
CHARACTERISTICS AND PROPERTIES OF STRANDS 

Technical Field and Background of the Invention 

This Invention relates to an optical sensor used to measure, for example, the 
characteristics and properties of mono-filament or multi-filament yam composed of man- 
made or natural fibers, as well as wire and other strand-like materials. Characteristics and 
properties of the yarn that can be measured include, but are not limited to. interlace, 
diameter/denier, density, filament orientation and broken filaments. The sensor according 
to the present invention can be used for real-time measurements in both on-line and off- 
line yam measurement applications. 

The main components of the optical sensor are a Digital Signal Processor (DSP), 
a LED and a linear array consisting of a number of pixels. The yam is positioned between 
the LED and the linear an^y such that a shadow of the yarns width is projected about the 
mkl point of the linear array as shown If Figure 1 . The characteristics and properties of the 
yam are present in the image of the yam projected on to the linear array. The yams image 
is captured in the linear anray and represented by the composite analog values of the 
individual pixels where 1) at least one or more pixels have been blocked by the yams 
shadow and 2) at least one or more pixels on leach side of the yams shadow are 
completely unblocked. The analog value of each pixel is digitized using the DSP's onboard 
digital-to-analog converter. The digitized pixel data Is then processed by the DSP to 
extract the specific yam characteristics and properties of interest. 

Summary of the Invention 

Therefore. It is an object of the invention to provide an optical sensor that pemriits 
measurement of a wide variety of yam characteristics and properties. 
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It is anotherobject of the invention to provide an optical sensor that takes advantage 
of recent developments and refinements in optical digital detection. 

It is another object of the invention to provide an optical sensor that is operable in 
both on-line and off-line applications. 

It is another object of the invention to provide an optical sensor that is operable in 
real-time. 

Brief Description of the Drawinos 

Some of the objects of the invention have been set forth above. Other objects and 
advantages of the invention will appear as the invention proceeds when tal<en in 
conjunction with the following drawings, in which: 

Figure 1 is a schematic view of an optical sensor according to a preferred 
embodiment of the invention illustrating the measurement geometry of the system, and 

Figure 2 is a schematic view according to a prefered embodiment of the invention 
and illustrating a technique for increased resolution. 

Description of the Preferred Embodiment and Best Mode 

Refen-ing now specifically to the drawings, an optical according to the present 
invention is illustrated in Figure 1. 

A linear array consists of numerous, closely spaced pixels, for example. 1 28 pixels. 
Other array configurations are also possible. Each pixel contains a photo diode and 
appropriate sampling circuitry. The photo diode produces an analog voltage proportional 
to the level of incident light. The analog output voltage from the photo diode is integrated, 
or sampled, over a timed interval controlled by the linear array's electronic shutter. Thus, 
the analog output of each pixel is proportional to the level of the light on the photo diode 
and the length of time the shutter is open. 
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To capture an image, the shutter of the linear an-ay is enabled by opening it, which 
resets each pixel's integrator and then allows each integrator to integrate its respective 
photo diode output. Each integrator will continue to Integrate the photo diode output until 
the shutter is disabled by being closed. This places each integrator in a hold mode 
whereby the output of each pixels integrator is "latched". 

The latched" analog value of each pixel can now be read from the linear an^y by 
supplying a clock pulse to select each successive pixel and then reading its analog output. 
Preferably, the analog output is connected to the DSP's analog-to-digital (A-to-D) converter 
which digitizes each pixels analog output. 

The DSP provides all the timing and control signals for the anray and the strobing 
of the LED. Images are captured in the linear array and processed by the DSP at 10,000 
frames per second. 

The shutter speed, i.e.. the length of time the shutter is open. Is controlled by a 
closed loop function in the DSP whereby unblocked pixels are used to provide feedback 
on the incident light level. This automatic shutter control compensates for variations in the 
LED light level, ambient light level and for any contamination such as finish oil on the yam 
being measured that might build up on the lens of the sensor. Without this automatic 
shutter control function, the measurements would tend to "drift" as the light levels varied 
and/or as the sensor became contaminated. 

The LED is strobed in synchronism with the shutter of the linear an^y so that the 
LED is only "on" when the shutter is open. Strobing the LED allows the use of a much 
higher LED drive current This produces a higher light intensity. The higher light intensity 
also pemnits a much faster shutter speed, minimizing the amount of noise caused by the 
movement of the yarn and/or the ambient light 

The pwels in a linear anray typically have a gap between them. This gap is not part 
of the pixels "active" photo diode area and creates a deadband. i.e., a zone in which 
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changes in the projected image of the object are not reflected in corresponding changes 
in the analog output of any of the pixels. This "deadband" limits the resolution of the 
sensor. 

As is shown in Figure 2. the deadband can be eliminated and resolution improved 
by rotating the linear array at an angle to the yam. With this an-angement, any change in 
the image of the yam always results in a corresponding change In the analog output levels 
of the associated pixels. 

Measurement resolution is also enhanced through calibration. This calibration 
compensates forgain and offset variations from pixel to pixel, variations in the incident light 
from the LED upon each pixel and contamination on the lens of the sensor. The sensor 
is calibrated by reading the array when there is no object, such as the yarn, between the 
array and the LED. Using this data, gain and offset correction factors are calculated that 
are applied to the "uncompensated" (raw) pixel data. The compensated pixel output data 
will be equal when no object is present between the array and the LED. 

Example No. 1 
Yam Interiace Measurement 

A yam interlace measurement is an absolute measurement of the number of nodes 
per meter created by entangling the yams filaments as the yam passes through an 
interlace jet. To calculate Interlace, a group of samples, such as 1,024 points, of the 
variation in the yam's diameter created by the nodes. A FFT is then used to process the 
group of samples in order to extract the frequency (nodes/second) of the variation in the 
yams diameter created by the nodes. Given the yam speed (meters/minute) the 
calculation of the interlace in nodes per meter is as follows: 

Interlace = Node Freq (nodes/sec) x 60 (secs/minute) / Yam Speed (meters/minute) 
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Example No. 2 
Yarn Diameter Measurement 



Yarn Diameter is measured as a relative or absolute measurement of the width of 
the yam detennined by the number of pixels blocked by the yams shadow projected on to 
the linear array. A blocked pixel is one whose analog voltage is below a predetermined 
threshold. The measurement resolution is increased by taking the mean of the sum of 
10,000 samples. An absolute measurement (pm) can be obtained by calibrating the 
sensor with a known standard such as placing a gage pin between the LED and the linear 
array. 

Example No. 3 
Yarn Denier Measurement 
Yarn Denier is measured as a relative or absolute measurement of the mass of the 
yarn in units of denier - 1 denier = 1 gram per 9,000 meters. An absolute measurement 
is obtained by calibrating the sensor while known "good" product is being measured. 

Yam Denier = Yarn Diameter 

Example No. 4 
Yam Density Measurement 
Yam Density is measured as a relative measurement obtained by measuring the 
amount of light passing through the center of the yam. For this measurement, the "center 
mosf blocked pixel output{s) is used as a relative measure of the yam density. 
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Example No. 5 
Yam Density Measurement 

Filament Orientation is measured as a relative measurement proportional to 
difference between the amount of light passing through the center of the yam and the yam 
denier. 

Filament Orientation = Yam Density - Yam Denier 

Example No. 6 
Yarn Broken Filament Measurement 
Broken Filaments can be measured because multiple shadows are projected onto 
the linear array instead of just a single shadow. Broken filaments are detected by scanning 
the array for multiple shadows. 
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Figure 1 



Optical Sensor Measurement Geometry 
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